\ 1 



SMfiii 


nK 




MONTH LY 















A concrete arch bridge. 


Modern all-concrete factory of Lane-Wells Co., Huntington Park, Calif. 


Concrete 


Above—Concrete paved landing field at Naval 
Air Station near Chicago. (U. S. Navy Photo) 


a proven structural plastic 


Graceful bridges—strong, firesafe war factories—tough impact-resist¬ 
ing pavement for airports and roads—these and many other essential 
structures are being molded of Concrete, a versatile Structural Plastic. 

Backed by years of laboratory research and field development, Associ¬ 
ation engineers have helped to simplify and improve structural design 
and bring about faster, more economical construction. They will gladly 
assist engineers or architects in use of concrete to insure low annual 
cost war or postwar construction. 


PORTLAND CEMENT ASSOCIATION 

Dept. 1 6-37, 816 W. Fifth St., Los Angeles 13, Calif. 

A national organization to improve and extend the uses of concrete . . . through 
scientific research and engineering field work. 


BUY MORE WAR BONDS 
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WANTED 



Graduate Mechanical 
Engineer 


For Experimental and Design Engineering 
on Amphibian Tanks 


Must be all around engineer with ability in 
machine design, stress analysis, metallurgy, 
etc. 


Food Machinery Corporation 

Procurement and Engineering Division 

6000 North Figueroa Street • CLeveland 6-4151 
Los Angeles 42, California 


Conserving and safeguarding fuel, water and 


steam is of utmost importance on ships. On 



lflarurLe_ 


ENGINEERING & SUPPLY CO 


941 EAST SECOND ST. • IOS ANGELES • MICHIGAN 8071 
640 BROAD AVE. • WILMINGTON * WILMINGTON 678 


every sea, in every clime, long-lasting, sturdy 
Marine insulation is on the job night and day. 
Marine engineering skill and workmanship, 
plus Johns-Manville materials are a winning 
team that can lick any insulation problem. 


MARINE INSULATION JOBS 
INCLUDE THESE SHIPS 


C-l Vessels 
Troop Transport 
Destroyers 
Mine Sweepers 
Tugs 

Hospital Ships 
Coast Guard Cutters 


Aircraft Carriers 

Repair Ships 

Tankers 

Ice Breakers 

Freighters 

Frigates 


Pictured above is Kerwooa Specialty's External Power 
Plug Assembly #117. The #117, with its two-fisted 
partner, the #121 External Power Receptacle, are to¬ 
day starting the nation's mighty aircraft under every 
condition. This husky pair can boast of qualities born 
only of a thorough knowledge of the job to be done, 
and of electrical '‘know-how”. Skill of engineering 
design has prepared these units to provide a high 
capacity connection which carries a 1000 ampere 
rating. Kerwood Specialty's engineering-design staff 
can help you! Write for further information to: 
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Integration 


of Power Systems 

By J. M. GAYLORD 


P OWER engineers are talking a great deal these days 
about “integration.” They do not refer to the mathe¬ 
matical operation of the college classroom, but 
rather to the practical procedure of operating two or 
more power systems as a unit, the purpose being to 
utilize more fully the installed generating and trans¬ 
mitting facilities, to minimize spinning reserve, and to 
save fuel. 

In the days of free enterprise each pow r er tycoon was 
a rugged individualist who wanted to stand on his own 
feet. His system was complete, self-sustaining and inde¬ 
pendent. It had enough generating equipment to supply 
the load and ample spinning reserve to meet emergencies. 
Interconnections with other systems were considered as 
troublesome complications to be tolerated only if you 
were sure you were getting the best of the bargain. In 
private power companies an additional generator was a 
welcome means of increasing operating capital, and in 
government and municipal plants the taxpayer footed 
the bill. Why interconnect and give up some of your 
independence when you could buy all the generators 
you needed? 

The public knew so little about the pow'er business 
that it did not complain too strenuously as long as there 
was a surplus of everything, but the war made radical 
changes in our thinking. Tremendous new demands for 
war purposes developed rapidly as the defense program 
took form and the upward trend of the load was greatly 
accelerated. The production of aluminum and magne¬ 
sium particularly added large power demands with large 
energy requirements because of high load factors. 

Ordinarily such increases in loads would have been 
met by the construction of new generating plants, but 
materials w r ere in great demand for the production of 
war equipment and could not be spared for less urgent 
purposes. The vital importance of power in the w r ar pro¬ 
gram w'as fully appreciated from the first, and the Office 
of War Utilities took control of the situation to assure 
an ample supply for essential uses. Fortunately for the 
country, many of the engineers of that organization were 
practical power men, borrowed from the industry. Re¬ 
quests for additional equipment w r ere passed on by en¬ 


gineers qualified by long experience to determine the 
necessity of the proposed extensions. The engineers of 
the utilities, as well as those in the Government service, 
knew perfectly w r ell that operating economies could be 
effected by cooperation and interchange between systems, 
and the impetus of a national emergency promptly over¬ 
came the long-standing resistance to integrated operation. 

INTEGRATION IN THE PACIFIC SOUTHWEST 

To the credit of the electric utilities the response to 
the Government’s suggestion was immediate, sincere and 
effective. Practical cooperation was accomplished through 
such organizations as the Pacific Southw r est Pow r er Inter¬ 
change Committee, which w'as formed in the Spring of 
1943, and consists of engineers representing the principal 
power organizations of California, Nevada, and Arizona. 
The committee presents a typical cross-section of the 
pow'er supply business and demonstrates that engineers 
representing all schools of thought as to ownership and 
control of utilities can w r ork together harmoniously and 
effectively for the general good of the community. 

The committee is self-governing under the general 
direction of the Office of War Utilities, and meets monthly 
to consider current problems affecting power supply. 
Estimates of the pow'er requirements and resources for 
a year or more in the future are prepared and a monthly 
summary is made of actual results compared with the 
estimates. Rainfall affecting hydroelectric plants is re¬ 
ported for all watersheds, and the use of fuel oil and 
gas is carefully watched and reported. Overhaul sched¬ 
ules, outages of generating equipment, major load 
changes and all other matters affecting the general situa¬ 
tion as to power supply and demand are discussed and 
recommendations made for new facilities when no other 
means of supply can be found. Interconnection and 
interchange facilities are matters of first importance in 
the w'ork of the committee. 

The results of integration have been gratifying. No 
power user has lacked a supply sufficient for all essential 
purposes. Capacities of transmission facilities have been 
stretched beyond generally accepted limits; spinning 
(Continued, on Page 13) 
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Production of 



FIG. I—Showing typical high-pressure absorber 
installation. 


N ATURAL gasoline is in the peculiar position of 
being at the same time a raw material and a fin¬ 
ished product. It is seldom heard of in retail trans¬ 
actions involving petroleum products, because it is usu¬ 
ally first blended with other fractions to produce motor 
and aviation fuels, in which it finds its principal outlet. 
In this case it may be considered a raw material. How¬ 
ever, it is usually produced to such stringent specifica¬ 
tions that little if any further processing is necessary 
after it leaves the natural gasoline plant. In this sense 
it may be considered a finished product. 

The importance of natural gasoline is evident from 
the fact that in California the production of this mate¬ 
rial in recent years has amounted to about one-fiftli the 
net production of refinery gasoline. The ratio in the 
United States has been smaller, but still it averaged one 
gallon of natural to about ten gallons of net refinery 
gasoline prior to the war and has now reached one gallon 
in six as a result of the increased demand for the volatile 
natural gasoline fractions in aviation fuel. 

SOURCE OF NATURAL GASOLINE 

Natural gasoline is extracted from “wet” gas, which is 
usually produced simultaneously with crude oil. Wet gas 
is separated from the oil by stages in field traps and 
tanks, whence it is collected and delivered to natural 
gasoline plants. The gas is called “wet” not in the sense 
in which the w r ord is customarily used, but because it 
contains gasoline fractions in an amount sufficient to 
justify recovering them. 

In contrast is “dry” gas, which is the natural gas dis¬ 
tributed by public utilities for domestic and industrial 


NATURAL 

GASOLINE 

By ROBERT B. BOWMAN 


fuel purposes. Either it has had the gasoline extracted 
from it, or it was originally produced without an appre¬ 
ciable amount of gasoline in it. Dry gas is often ob¬ 
tained from gas wells which produce no oil, such as 
those in Lhe Rio Vista, Buttonwillow and other fields 
in California. 

The predominant constituent of dry gas from w r ells 
is methane. Also present in dry gases discharged from 
natural gasoline plants are ethane, propane and some 
butane. Propane, isobutane and normal butane are in¬ 
termediate between dry gas and natural gasoline and are 
becoming increasingly important as raw materials for 
various products. Originally they were disposed of prin¬ 
cipally as liquefied petroleum gases, but isobutane has 
become so much more valuable as a raw material in 
aviation gasoline that it has been virtually eliminated 
from this service. By direct combination with butylenes 
produced in refinery operations, isobutane yields a prod¬ 
uct high in isooctane content that is one of the principal 
base stocks for aviation fuels. Much normal butane is 
converted to isobutane to increase this source material. 
Also normal butane is dehydrogenated to butadiene, an 
important ingredient in synthetic rubber manufacture. 
Natural gasoline is composed principally of isopentane 
and heavier hydrocarbons, with varying amounts of nor¬ 
mal butane depending upon specifications. A small 
amount of isobutane is usually present because of the 
difficulty of entirely eliminating this constituent. At the 
present time natural gasoline plants are generally oper¬ 
ated to recover substantially all of the isobutane and 
heavier fractions from the inlet gas. 

Table I is a compilation of compositions of typical 
wet gases, dry gases, liquefied petroleum gases and natu¬ 
ral gasolines. This table serves to indicate the distribu¬ 
tion of the various hydrocarbons in these materials. All 
hydrocarbons heavier than butane are grouped as pen¬ 
tanes (-{-). This is because an attempt is made always 
to extract all of these constituents and include them in 
natural gasoline. Information on the actual amounts of 
each one present is in general of little importance. 

It will be noted that in the case of wet gases, compo¬ 
sitions are reported both in terms of vapor per cent and 
“Gal./m.c.f.” The latter expression is of particular sig¬ 
nificance. It represents the number of gallons of a con¬ 
stituent in TOGO standard cubic feet of gas. The latter 
quantity, abbreviated to m.c.f., is the unit customarily 
used in measuring gas volumes. 

HISTORICAL DEVELOPMENT 

Natural gas first became of economic importance in 
the years 1880-1890. In transporting gases in pipelines 
from oil fields it w f as noticed that a volatile liquid col- 
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TABLE i—TYPICAL COMPOSITIONS OF NATURAL GASES, LIQUEFIED GASES AND NATURAL GASOLINES 


WET GASES FROM KETTLEMAN HILLS 


Type of Gas 

High Pressure Gas 

Low Pressure Gas 

Tank Vapors 

Component 

Vapor % 

Gal./m.c.f. 

Vapor % 

Gal./m.c.f. 

Vapor % 

Gal./m.c.f. 

Methane 

75.57 


69.57 


19.83 


Ethane 

10.87 


11.46 


14.95 


Propane 

7.38 

2.02 

8.88 

2.45 

26.98 

7.37 

Isobutane 

1.09 

0.35 

1.58 

0.51 

6.26 

2.03 

N-Butane 

2.74 

0.86 

4.02 

1.26 

17.04 

5.36 

Pentanes (-|-) 

2.35 

0.91 

4.49 

1.72 

14.94 

5.79 


100.00 


100.00 


100.00 



DRY GASES 


Source 

Discharge Gas from 
Kettleman Hills Natural 
Gasoline Plants 

Well Gas from 
Buttonwillow Gas Field 

Well Gas from 

McDonald Island Field 

Component 

■ 

Gal./m.c.f. 

Vapor % 

Vapor °/ 0 

Carbon dioxide 

0.05 


0.5 

0.04 

Nitrogen 




3.46 

Methane 

87.75 


99.3 

96.50 

Ethane 

8.33 


0.2 


Propane 

3.65 




Isobutane 

0.15 




N-Butane 

0.05 

0.02 



Pentanes (+) 

0.02 

0.01 




100.00 


100.00 

100.00 


LIQUEFIED GASES 


Name 

Commercial 

Commerci 

al Butane 

Propane 

(Winter Grade) 

(Summer Grade) 

Component 

Ethane 

2.5 liq. % 

2.5 liq. % 

2.0 liq. % 

Propane 

97.0 

45.0 

30.0 

Isobutane 

0.5 

1.0 

1.0 

N-Butane 


51.5 

67.0 


100.00 

100.00 

100.00 


NATURAL GASOLINES 


Source 

Kettleman Hills 

Southern California 

Reid Vapor Press. 

16 lbs. 

24 lbs. 

16 lbs. 

24 lbs. 

Component 

Isobutane 

N-Butane 

Pentanes (--(-) 

0.8 liq. % 

11.7 

87.5 

2.0 liq. % 

33.5 

64.5 

1.0 liq. % 

14.0 

85.0 

2.5 liq. % 

30.7 

66.8 

100.0 

100.0 

100.0 

100.0 


Jected at low places in the lines, particularly if cooling 
due lo low atmospheric temperatures had occurred. At 
that time, which was prior to the development of the 
automobile, light liquid hydrocarbons such as what is 
now called natural gasoline had no commercial value. 
In fact, even in refineries gasoline fractions were dis¬ 
carded from crude oil because kerosene was the lightest 
product for which there was a ready market. Tire vola¬ 
tile liquid separating from natural gas was therefore 
first recognized as a nuisance because it not only was 
valueless, but caused restrictions in the flow of gas 


through the lines and created a fire hazard when it was 
drained off. 

About the beginning of tire present century, gasoline 
began to assume value because of the birth of the auto¬ 
mobile industry. More of this material was saved in the 
refineries and some attention was given to the liquid 
which separated from wet gases. As early as 1904, gaso¬ 
line became of sufficient importance to justify consider¬ 
ing means for extracting from natural gas more of the 
volatile liquid fractions than were separating from natu¬ 
ral causes in gas lines. 
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DIAGRAM l-A (Above)—Flow chart of a typical compression type natural gasoline plant. DIAGRAM l-B (Below)— 

Flow chart of absorption-type natural gasoline plant. 


A. COMPRESSION METHOD OF EXTRACTION 

It is a fundamental principle that condensation is in¬ 
duced either by a decrease in temperature or by an 
increase in pressure below the range where the retro¬ 
grade phenomena occur. Therefore, the first method 
tried in attempting to obtain more gasoline fractions was 
to compress the gas and cool it. then separate the con¬ 
densed liquid in an accumulator. Diagram J-A is a sim¬ 
plified flow sheet for a natural gasoline plant of the 
so-called compression type. The liquid from the accu¬ 
mulator was drawn off into tanks and the uncondensed 
portion of the gas was delivered to fuel lines. When 
high pressures were used, a large quantity of ethane and 
propane was retained in the liquid and an exceedingly 
volatile or “wild"' gasoline was obtained. It was par¬ 
tially stabilized by withdrawing vapors from the tanks 
and returning them to the intake to the compressor. In 
passing again through the process of compression and 
cooling, some of the lightest components of the vapors 
failed to condense and were rejected into the fuel lines. 

The principal weakness of the compression process 
was its inefficiency. Excessively high pressures or very 
low temperatures were required to recover substantially 
all of the pentanes and heavier fractions which could he 
included in finished gasoline. Also, the quality of the 
product was poor because it contained a large amount of 
the hydrocarbons such as methane, ethane and propane. 


which are not properly designated as natural gasoline. 
In spite of these weaknesses, however, and in the absence 
of a well-developed better process, the number of com¬ 
pression-type natural gasoline plants rapidly grew, until 
in 1912 there were 250. in 1916 there were 550, and in 
1.921 there were 865. Nevertheless, since 1921 the num¬ 
ber has declined and the compression process has given 
way almost completely to the oil absorption process. 

B. OIL ABSORPTION PROCESS 

The oil absorption process consists basically of bring¬ 
ing wet gas in contact with an oil. whereupon the oil 
absorbs the gasoline from the gas. The action of the oil 
mav be pictured as that of a sponge drawing into itself 
the gasoline fractions. After contacting the gas, the oil 
is heated and contacted wu'th steam to drive off the ab¬ 
sorbed fractions, which are then condensed as natural 
gasoline. 

Diagram I-B is a simplified How sheet of a natural 
gasoline plant of the oil absorption type. The individual 
items of equipment are discussed more fully later. The 
principal features of the process are as follows: 

Wet gas from the field is first compressed and then 
cooled before it is introduced into the absorber. It then 
passes upwards counter-currentlv to a descending stream 
of oil. and out at the top into fuel lines. 
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The oil possesses the important property of preferen¬ 
tially absorbing the heaviest hydrocarbons from the gas. 
This so-called “selective” feature is an advantage of the 
oil absorption method over the compression method of 
extracting natural gasoline. The separation between 
heavy and light fractions in an absorber is, however, 
by no means a sharp one. When enough oil is circulated 
to absorb all the hydrocarbons which are desired in fin¬ 
ished gasoline, some of the lighter ones are also ex¬ 
tracted, but the separation is much sharper than when 
compression and cooling alone are employed. 

The contacted sponge, or “rich” oil as it is called, 
leaves the absorber at the bottom and is heated before it 
passes into a stripper. Here steam is introduced to act 
as a carrier to remove the gasoline fractions from the 
oil. The “lean” or stripped sponge leaves the bottom of 
the stripper and is cooled before being circulated again 
into the absorber. 

The steam and gasoline fractions are carried overhead 
from the stripper and are then cooled. The steam con¬ 
denses and is drawn off as water from the bottom of the 
separator. The heaviest gasoline fractions also condense 
and form a liquid layer on top of the water in the sep¬ 
arator, whence they are drawn off to the storage tank. 
The uncondensed vapors are then subjected to a step 
similar to the compression type of natural gasoline plant. 
They are first compressed and cooled, then the condensed 
portion is conducted to the storage tank, and the portion 
still in the vapor form is recycled to the absorber to 
recover any residual gasoline fractions. 


A comparison of Diagrams I-A and 1-B will indicate 
that compression still plays an important role in the oil 
absorption process. However, the use of oil makes pos¬ 
sible the recovery of substantially all the gasoline from 
wet gas at ordinary temperatures and reasonable operat¬ 
ing pressures. The efficiency and economy of the oil ab¬ 
sorption process have made it the predominant method 
of operation now employed in the natural gasoline in¬ 
dustry. 

C. OTHER METHODS OF EXTRACTION 

In addition to the compression and oil absorption 
processes, two other methods of extracting natural gaso¬ 
line have received consideration; namely, (1) charcoal 
absorption and (2) refrigeration. Neither method has 
been extensively employed in the past, but future devel¬ 
opments could bring either or both of them into prom¬ 
inence. 

TYPICAL PRESENT-DAY PLANT 

Diagram II is a flow sheet of a modern gasoline plant 
such as is operated at Kettleman Hills. Basically, this 
flow sheet is similar to Diagram l-B. Among the prin¬ 
cipal elements are the absorber, the stripper, the sepa¬ 
rator, and the vapor compressor, all of which appear in 
Diagram I-B. The only additional major feature is the 
rectifier or stabilizer in which specifications of the final 
product are controlled. However, the stabilizer is a 
single unit only when all the recovered hydrocarbons 
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AT LEFT: 

FIG. 2—Typical high-pressure 
natural gasoline plant located 
at Kettleman Hills, Calif. 


are delivered from the plant as a mixture to be further 
separated at a refinery. In many cases batteries of rec¬ 
tifiers are located in the field, and propane, isobutane, 
normal butane,'and natural gasoline are produced sepa¬ 


rately. The miscellaneous accumulators, coolers, vent 
tanks, etc., are all essential, but they play relatively 
minor roles in the process and are shown only for the 
purpose of completeness. 



DIAGRAM III—Showing correlation between the absorption factor, the number of theoretical plates in an 

absorber, and the efficiency of extraction. 
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TABLE II—PRODUCTION OF NATURAL AND REFINERY GASOLINE 
(AH Figures in Gallons per Day) 



NATURAL 

GASOLINE 

REFINERY GASOLINE* 

YEAR 

UNITED 

STATES 

TOTAL 

CALIFORNIA 

UNITED 

STATES 

TOTAL 

CALIFORNIA 

1911 

20,345 


* r 


1912 

33,008 

- 2,844 

** 

* 

1913 

65,921 

9,482 

% # 


1914 

116,858 

20,770 

* * 

** 

1915 

179,082 

35,164 

** 


1916 

282,767 

46,883 

5,625,354 

845,628 

1917 

596,943 

78,953 

7,809,690 

1,059,786 

1918 

774,070 

88,408 

9,781,632 

1,190,154 

1919 

963,110 

110,647 

10,843,476 

1,144,710 

1920 

1,051,213 

131,716 

13,340,292 

1,356,390 

1921 

1,232,697 

159.507 

14,119,350 

1,411,662 

1922 

1,385,481 

183,890 

16,992,402 

1,899,996 

1923 

2,236,236 

474,874 

20,701,170 

3,515,568 

1924 

2,551,533 

635,462 

24,480,036 

3,665,928 

1925 

3,088,959 

830,630 

29,871,912 

4,885,020 

1926 

3,734,493 

1,042,099 

34,489,938 

5,760,426 

1927 

4,496,284 

1,364,438 

38,012,310 

6,917,358 

1928 

4,956,377 

1,595,932 

43,255,968 

7,651,350 

1929 

6,119,693 

2,302,260 

50,063,790 

10,668,672 

1930 

6,056,148 

2,273,186 

49,737,324 

9,671,634 

1931 

5,018,953 

1,863,943 

49,653,198 

8,084,790 

1932 

4,163,388 

1,507,915 

45,055,122 

7,545,048 

1933 

3,890,041 

1,355,992 

46,210,458 

7,256,466 

1934 

4,206,465 

1,387,047 

47,975,760 

7,088,088 

1935 

4,525,989 

1,464,723 

52,683,204 

7,976,682 

1936 

4,908,033 

1,621,355 

57,919,176 

8,853,600 

1937 

5,659,000 

1,709,299 

64,339,506 

9,275,616 

1938 

5,908,422 

1,810,658 

63,960,834 

8,977,584 

1939 

5,943,000 

1,663,663 

68,572,182 

9,216,564 

1940 

6,340,000 

1,601,079 

68,540,220 

8,945,412 

1941 

9,304,000 

1,588,000 

77,224,000 

9,941,000 

1942 

9,588,000 

1,494,000 

67,542,000 

9,951,000 

1943 

10,423,000 

1,598,000 

68,169,000 

10,638,000 


Includes straight run gasoline, cracked gasoline and natural gasoline blended. 
** Information incomplete. 


A. THE ABSORBER 

High pressures and low tem¬ 
peratures are favorable to alt- 
sorption because they make 
possible the complete extrac¬ 
tion of the desirable gasoline 
fraction at relatively low rates 
of oil circulation. The operat¬ 
ing pressure employed depends 
upon the pressure at which gas 
is available from the wells and 
the pressure at which it must 
he delivered to fuel lines after 
gasoline has been extracted 
from it. A pressure of 35 
pounds per square inch ahead 
is approximately the minimum 
at which an absorption plant 
can be economically installed 
and operated. If wet gas is 
produced at a lower pressure 
in the field, general practice is 
to compress it to at least 35 
nounds per square inch ahead 
of the absorption step, 
is available in the field at a 
pressure above 35 pounds per 
square inch, or if delivery to 
fuel lines at higher pressures is 
required, the absorption step is 
conducted at the greater of 
these two pressures. At Kettle- 
man Hills, conditions are such 
that absorber operating pres¬ 
sure is maintained at about 425 
pounds per square inch. Some 
gas is available in the field at 
this pressure, hut most of the 
field gas, all crude oil tank va¬ 
pors and vapors originating 
within the plant require com¬ 
pression ahead of the absorp¬ 
tion step. 

An absorber is a vertical cyl¬ 
indrical column such as those illustrated in Figure 1. 
This picture shows a group of eight units arranged in 
two row r s of four each. In the early days of the absorp¬ 
tion process, the columns were filled with wooden grids, 
wire coils or sometimes even haling wire to promote in¬ 
timate contact between oil and gas. At the present time, 
bubble plates or trays are used almost exclusively for 
this purpose. 

The use of bubble plates makes possible the absorption 
of gasoline fractions at low oil rates. At the same time 
the selectivity of the process is improved; that is, less 
of the undesirable fractions is absorbed by the oil while 
the desirable fractions are being recovered. Absorbers 
generally contain from 16 to 24 bubble plates. 

B. THE STRIPPER 

Stripping is the reverse of absorption. High pressure 
and low temperature are favorable to absorption, hut low 
pressure and high temperature are favorable to stripping. 
Also, steam is admitted into the bottom of the stripper 
to act as a carrier in removing absorbed fractions from 
the oil. Thus in an absorber, gasoline fractions are re¬ 
moved from a wet gas by contacting the gas with a "lean ’ 
sponge under conditions of high pressure and low tem¬ 


perature, while in a stripper, gasoline fractions are re¬ 
moved from a "rich” sponge by contacting it with a dry 
gas (steam) under conditions of low pressure and high 
temperature. 

The rich sponge leaving the absorber, after first being 
vented by reducing its pressure to remove a portion of 
the undesirable fractions w r hich are unavoidably picked 
up in the absorber, is heated before it is introduced into 
the stripper. The first step in the heating is by transfer 
from hot lean oil returning to the absorber from the 
bottom of the stripper. The rich oil is again vented, then 
heated by indirect contact with steam in a preheater. 

Rich oil is introduced about midway between top and 
bottom of the stripper. Steam and stripped vapors pass 
upwards through the column, and the oil passes down¬ 
wards over bubble trays. The steam and vapors pass 
overhead from the column, then through cooling coils 
into a separator. Here, as was shown previously, the 
steam is removed as water, and a portion of the gasoline 
fractions is condensed. Some of these gasoline fractions 
are returned as reflux to the top of the stripper to wash 
back any of the light fractions of the oil itself which 
might tend to be carried overhead by the steam. The 
remaining gasoline fractions from the separator are con¬ 
ducted to the rectifier, which is described later. 
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In Diagram If. some of the stripper reflux is shown 
to he supplied hy condensed material originating else¬ 
where in the plant. Any liquid is suitable which is sim¬ 
ilar in composition to the separator gasoline. Use of ma¬ 
terial already condensed elsewhere in the plant reduces 
the load on the stripper vapor condensing system. 

The most favorable stripper operating pressure is of 
the order of 25 pounds per square inch gauge. At this 
pressure it is usually impossible to condense all the 
absorbed fractions that have been removed from the oil. 
The uncondensed portion is therefore subjected to com¬ 
pression and cooling in the plant vapor system. 

C. PLANT VAPOR SYSTEM 

The uncondensed vapors from the separator are first 
compressed to a pressure of about SO pounds per square 
inch gauge and are then cooled to remove additional 
gasoline fractions, which are in turn delivered to the rec¬ 
tifier. Even at this pressure some of the gasoline frac¬ 
tions fail to condense. The remaining vapors are there¬ 
fore subjected to additional compression and cooling and 
are finally conducted into the absorber. In some cases 
a separate absorption step operated at low pressure is 
employed for processing uncondensed separator vapors. 
This procedure is called reabsorption. 

D, THE RECTIFIER 

It has been mentioned that the absorption process, 
while representing an improvement over the compression 
process for extracting natural gasoline, is still unable 
to pick up all of the desirable hydrocarbons without at 
the same time recovering a portion of those not desirable 
in finished gasoline. It is the function of a rectifier to 
make the required separation. The nature of the rectifier 
installation depends upon a number of factors, such as 
the type of facilities available for transporting finished 
products, the demand for liquefied petroleum gases in 
the vicinity of the plant, etc. Where a pipeline outlet 
to a refinery is available, often the composite final prod¬ 
uct is shipped as a whole and separation into individual 
products such as propane, isobutane, normal butane, and 
natural gasoline is made in the refinery that receives the 
mixture. In this case the rectifier installation at the 
natural gasoline plant comprises only one fractionating 
unit with the simple function of removing methane, 
ethane, and excess propane from the mixture. When, for 
example, liquefied gases are produced locally or flexibil¬ 
ity in the disposal of finished products is desired, a series 
of fractionating columns is employed to make the sepa¬ 
ration. 

The operation of the individual fractionating or rec¬ 
tifying units is similar and will he illustrated by a de¬ 
scription of a single-unit system. In this case the con¬ 
densed hydrocarbons from the separator and various 
accumulators are collected in a so-called mixing or surge 
tank, from which they are pumped through a heat ex¬ 
changer into the rectifier. The mixture is designated as 
“raw" product. The rectifier consists essentially of three 
units, comprising a column, a reflux system, and a kettle 
or reboiler. The raw product is introduced into the 
column about midway between top and bottom. When 
it enters the column, it separates into two parts: a vapor 
portion which rises towards the top, and a liquid portion 
which travels downwards. As in the case of absorbers 
and strippers, there are a number of bubble-cap trays 
or plates in the column, usually between 24 and 30. 
These trays are so designed that the liquid and vapor 
may travel countercurrently to each other and will lie 
brought into intimate contact on each tray. The kettle 


or reboiler is the source of ascending vapor from the 
bottom of the column and the reflux system is the source 
of descending liquid from the top of the column. The 
contact between vapor and liquid on each tray results in 
an interchange of the various constituents, the lighter 
hydrocarbons tending to find their way upwards in the 
vapor stream and the heavier ones tending to find their 
way downwards in the liquid stream. The final result 
is that the product removed from the kettle contains 
essentially only those fractions which are desired to be 
retained. At the same time, the undesirable fractions 
are rejected overhead without carrying any desirable 
fractions with them. 

In the case of a multiple-unit installation a common 
practice is to make the first unit a depropanizer in which 
propane and lighter fractions are removed overhead and 
isobutane and heavier fractions are retained in the bot¬ 
tom product. The second unit is a debutanizer, the feed 
to which is the bottom product from the first unit. In 
the second unit all isobutane and as much of the normal 
butane as is not desired in the finished gasoline are re¬ 
moved overhead and the bottom product is natural gaso¬ 
line. A third unit processes the overhead material from 
the first unit and produces commercial propane as a 
bottom product. A fourth unit processes the butanes mix¬ 
ture from the second unit, separating it into isobutane 
and normal butane. The principal differences in the 
units are operating pressures and temperatures and the 
number of bubble trays in each one. The number of 
bubble trays is a function of the ease of separation (dif¬ 
ference in boiling points) and the efficiency of separation 
desired. The column making the separation between iso¬ 
butane and normal butane generally contains about twice 
as many trays as the others. 

E. MODIFICATIONS 

The flow sheet represented by Diagram 11 is shown 
principally as an illustration: many modifications of it 
are employed. For example, instead of having absorbers 
operated at only one pressure, two or three pressures 
may he utilized. If a substantial quantity of gas at low 
pressure were required locally for fuel purposes, an ab¬ 
sorber might be operated at a pressure of the order of 
40 pounds per square inch, in which case hot oil vent 
tank, vapor unit accumulator and low pressure field gases 
might be processed in it. Again, it might be found ex¬ 
pedient to conduct a portion of the absorption step at 
a pressure of 150 pounds per square inch, in which case 
the intake gas would comprise cold oil vent tank and 
intermediate accumulator vapors. A still further modifi¬ 
cation is to conduct the compression of low pressure and 
vacuum field gases ahead of the gasoline plant, and de¬ 
liver all gas to the plant in a single high pressure line. 

The hot oil vent tank might be eliminated and a so- 
called rich oil rectifier be used in its place. In this case, 
gasoline content of the rejected vapors could be kept 
low enough to omit further processing. At the same time, 
light fractions might be eliminated to the extent that the 
entire remaining gasoline fractions could he condensed 
and delivered directly to the rectifier without setting up 
a vapor recycle. 

The stripping step may he conducted in two stages 
instead of one as indicated on Diagram II. hi many 
plants the lightest fractions are first removed from the 
oil in a primary stripper and this step is followed hy 
removal of the heavier fractions in a secondary stripper 
which is operated at h lower pressure. Variations in 
the rectifying step have already been discussed. 

Figure 2 is a general view of the absorption, stripping 
and rectification systems at a high pressure natural gaso- 
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line plant. It shows the compact arrangement of equip¬ 
ment. 

F. COMPRESSORS 

As was noted previously, compressors play an im¬ 
portant role in the operation of an absorption-type natu¬ 
ral gasoline plant. They are employed to boost field gas 
and vapors to absorber operating pressure and to pro¬ 
cess plant vapors. At Kettleman Hills, where dry gas 
must be delivered to sales lines at a pressure of about 
125 pounds per square inch, this pressure, as was stated 
previously, becomes the most favorable absorption pres¬ 
sure. Compressors are required to boost much of the 
field gas to this final pressure. They are also employed 
to raise the pressure of gas utilized in producing wells 
by the gas-lift method. At the present time the total 
investment in compression facilities at Kettleman Hills 
far outweighs the value of the actual gasoline extraction 
equipment represented by the oil circulating and process¬ 
ing systems and the rectifiers. 

Compressors have undergone an interesting develop¬ 
ment. Original!) they were steam-driven because the in¬ 
ternal combustion engine had not been developed to a 
sufficient degree of dependability to justify its adoption. 
Steam-driven units were subject to two major disadvan¬ 
tages. First, they were inefficient and required as fuel a 
ver) large quantity of salable gas. In the second place, 
water with a sufficient degree of purity for boiler opera¬ 
tion was frequently not available at places where natural 
gasoline plants were located. Expensive treating equip¬ 
ment was then required. With the rapid development 
of the gasoline-driven automobile engines, a parallel 
improvement in gas-engine driven compression equip¬ 
ment occurred. By 1920, practically all of the steam- 
driven equipment had been displaced. 

The first method of transmitting the pow r er of the 
engine to the compressor was by means of a belt. Most 
of the early natural gasoline plants consisted of a row r 
of engines on one side of a wide room and a row of 
compressors on the other side. The engines were placed 
well away from the compressors as a safeguard against 
explosions in the engine rooms. In some cases the en¬ 
gines and compressors were even put in separate rooms, 
and the belts were run through separate holes in the side- 
walls or partitions. 

Belted units were bulky and were expensive to main¬ 
tain. Rapid improvements in gas engines soon great!) 
reduced the fire hazard, and direct-connected gas-engine 
driven units were soon recognized as practical and safe. 
The direct drive is much more efficient than the belted 
drive and has main less moving parts to keep in repair. 
Also, it is economical from the standpoint of space re¬ 
quirements, which are often an important consideration 
in natural gasoline plant design and construction. 

The first direct-driven units were horizontal, with the 
power cylinders in alignment with the compressor cyl¬ 
inders. They were comparatively slow-speed, operating 
usually at 220 r.p.m. or less, and had high power out¬ 
puts per cylinder. The result was that immense concrete 
foundations were required to absorb the large horizontal 
thrust which was developed. 

Early in the 1930’s, so-called angle-type units were 
introduced. These are constructed with vertical power 
cylinders and horizontal compressor cylinders. The 
power output per cylinder has been reduced, and the 
speed and number of cylinders has been increased to 
provide a high total power output in a compact and 
efficient unit. A typical unit has a I -type arrangement 
of eight power cylinders. Four compressor cylinders are 
arranged horizontally and operate from the same crank¬ 
shaft as the power cylinders. The power output is 300- 


horsepower per unit. Angle-type equipment can be in¬ 
stalled for about two-thirds of the cost of the horizontal 
units, and is proportionately more economical in main¬ 
tenance costs and space requirements. 

Gas-engine driven compressors are available in units 
having well over 1,000 horsepower each. However, these 
are practicable only in service on large dry-gas trans¬ 
mission lines where comparatively steady volumes are 
handled. For natural gasoline plant service, smaller units 
possess greater flexibility and can be readily installed or 
removed to meet changing field conditions. 


PLANT CONTROL 


The most important basis for control over plant oper¬ 
ation is what is known as the Absorption Factor, which 
was originally developed by Kremser and presented in 
a paper before the California Natural Gasoline Associa¬ 
tion in 1930. The original form of the absorption factor 
equation was as follows: 


A = 3.156 


D 

M 


PC 

P 


( Equation 1) 


wherein 


A — absorption factor, 

D = specific gravity of sponge, 

M — molecular weight of sponge, 

P — absorber pressure, pounds per square 
inch absolute, 

G = gallons of sponge per m.c.f. of gas, and 
p — vapor pressure in pounds per square inch 
absolute of constituent for which the fac¬ 
tor is computed. 


TABLE III—NUMBER OF NATURAL GASOLINE PLANTS 
IN OPERATION 


YEAR 

UNITED 

STATES 

TOTAL 

CALIFORNIA 

1911 

176 

* 

1912 

250 

7 

1913 

341 

14 

1914 

386 

19 

1915 

414 

20 

1916 

596 

26 

1917 

886 

49 

1918 

1,004 

56 

1919 

1,191 

60 

1920 

1,154 

70 

1921 

1,056 

73 

1922 

917 

77 

1923 

1,067 

119 

1924 

1,096 

140 

1925 

1,081 

145 

1926 

1,102 

172 

1927 

1,119 

152 

1928 

1,078 

147 

1929 

1,087 

153 

1930 

1,035 

148 

1931 

937 

136 

1932 

830 

109 

1933 

779 

97 

1934 

741 

92 

1935 

715 

88 

1936 

700 

87 

1937 

679 

90 

1938 

696 

96 

1939 

652 

91 

1940 

651 

88 

1941 

609 

86 

1942 

606 

83 

1943 

610 

83 


* Information incomplete. 
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ALUMINUM and MAGNESIUM CASTINGS 


New facilities, greater capacities and highly trained personnel are 
performing production records at Kinney Aluminum for many types 
of western manufacturers requiring a variety of aluminum alloy and 
magnesium castings—sand and permanent mold. 

Kinney’s modern heat treating department, mold shop, chemical 
and X-ray laboratories within the plant assure high quality in the fin¬ 
ished product. The Quality Control over alloys and processes and the 
craftsmanship of our workers combine to produce castings which have 
made this foundry one of the largest in the West. 

This experience and "know-how” are at your service. Call a Kinney 
engineering representative for further details, or write. 

KINNEY INDUSTRIES 

KINNEY IRON WORKS - 2525 East 49th Street 
Meehanite Metal and Grey Iron Castings 
THE KINNEY COMPANY - 275 North Avenue 19 
Production machine work, jigs, dies and fixtures 
VERNON PATTERN WORKS - 2323 East 27th Street 
Wood and Metal Patterns 

KINNEY ENGINEERING COMPANY - 5950 So. Boyle Ave. 
Engineers and Fabricators of Aircraft Parts 



SLAUSON AND BOYLE AVENUES • LOS ANGELES 11, CALIFORNIA 


This equation quantitatively relates the 
variables in absorber operation. A change 
which increases the numerical value of the 
factor increases the efficiency of extraction. 
The ratio D/M in the equation takes into 
consideration the nature of the absorbent 
or sponge stock. Thus an oil which has a 
high density but low molecular weight is 
the preferred type of sponge. Other condi¬ 
tions remaining the same, the absorption 
factor is directly proportionate to the abso¬ 
lute operating pressure or to the oil rate. 
The inliuence of temperature is introduced 
in the term p. The importance of operating 
at low temperatures is evident when it is 
realized how rapidly the vapor pressure of 
a substance increases with a rise in tem¬ 
perature. 

At the present time most natural gaso¬ 
line plants are operated to recover substan¬ 
tially all the isobutane from intake gas. 
Thus an isobutane absorption factor is 
usually the basis for opei-ating control. 

Since plant capacity is a function pri¬ 
marily of the ability to circulate sponge 
stock once the operating pressure has been 
established, the absorption factor presents 
a simple means for comparing the sizes of 
plants that will effect different extents of 
recovery of light fractions. Before butanes 
were in demand, natural gasoline plants 
were operated for substantially complete 
isopentane recovery. In the normal range 
of operating temperatures (70°-100° F.) 
the isopentane absorption factor is about 
three and one-half times the isobutane fac¬ 
tor for a given set of conditions. Thus to 
extract a given proportion of the available 
isobutane requires the circulation of about 
three and one-half times as much oil as to 
extract the same proportion of the iso¬ 
pentane. 

Diagram HI, taken from the Kremser pa¬ 
per, is a correlation between the absorption 
factor, the number of theoretical plates in 
an absorber and the efficiency of extraction. 
The importance of having an adequate 
number of trays is obvious when it is noted 
how rapidly at a given absorption factor 
the efficiency of extraction increases as the 
number of trays is increased. Likewise, it 
will be noted that a given efficiency of ex¬ 
traction can be maintained with a mate¬ 
rially lower absorption factor and attendant 
plant investment and operating cost if ade¬ 
quate trays are used. It must be empha¬ 
sized that the number of trays is based on 
theoretically perfect performance. For ac¬ 
tual conditions the efficiency may be much 
lower. In this case the performance would 
lie based on the line corresponding to the 
number of theoretical trays times the plate 
efficiency. Thus the performance of a 24- 
tray absorber having a plate efficiency of 
50 per cent would be represented by the 
line of Diagram III corresponding to 12 
theoretical plates. As a matter of interest, 
it will be noted that 100 per cent extraction 
would be obtained at a factor of 1.0 in an 
absorber having an infinite number of 
trays. 

In terms of equilibrium constants, the 
absorption factor equation becomes: 

L _D 

A — — <=3.156 m (Equation 2) 

KV 

wherein L <== mols of liquid sponge, 

V = mols of vapor, and 
K — equilibrium constant, at ab¬ 
sorber pressure and temper¬ 
ature, of the hydrocarbon 
for which the factor is com¬ 
puted. 

The general concept of the absorption 
factor is extremely helpful in other phases 
of plant operation. Inverted, the absorp- 

(Continued on Page 20) 
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Power Systems 

(Continued from Cage 3) 

reserve lias been practically eliminated in some instances; 
equipment has been operated at the limit of its capacity, 
but all essential demands have been supplied and the 
war program has not been handicapped by shortage of 
power. Fuel has been conserved and essential materials 
which otherwise would have gone into new generating 
and transmission facilities have been saved for urgent 
military needs. 

LOOKING TO THE FUTURE 

Hydroelectric power production, particularly in the 
West, is subject to very great variations between dry and 
wet years. No two watersheds are equally affected by 
such variations. Integrated operation of hydro develop¬ 
ments on different watersheds tends to equalize the 
supply and minimize the use of fuel in auxiliary steam 
plants which are a part of every combined power system. 
In spite of all economies the war has caused a terrific 
drain on the fuel supplies of the country and this fact 
emphasizes the importance of conservation of such nat¬ 
ural resources. The community will suffer if the lessons 
learned under the stress of a national crisis are not 


C. I. T. Men 

DECEASED 


Allen, Richard .’38 * U.S.N.R. Lost at Sea 

Ashworth, Thos., Jr.J-ll * U.S.N.R. Killed in Plane 

Crash 

Blumenthal, W. D...J42 Cpl. U.S.A. Missing in Action 

Brahty, J. H. A.'32 I.t. Cm dr. U.S.N.R. Killed in Plant: 

Crash 

Hebei, Francis . ! 34 Lt. (j.g.) U.S.N.R. Killed at Pearl 

Harbor 1941 

I.osey, R. M.’35 * U.S.A. Killed in Bomb¬ 

ing Raid 

Rowell, R. M.’38 * U.S.A. Missing in Action 

Schneider, C. .].’39 * U.S.M.C. Killed in Action 

Van Fleet, J. R.’38 * U.S.N.R. Killed in Training 

Flight 


The following is a list of men who have received 
degrees from the California Institute of Technology and 
who are now in military service. Information regarding 
additions or changes in rank or address should be ad¬ 
dressed to the Alumni Office, California Institute of 
Technology. 


Name Class Rank Service Location 

Abbey, E. K.’41 Lt, U.S.N.R. Overseas 

Ackerman, J. B....’38 Colonel U.S.A, * 

Adams, P. L.’44 * U.S.N.R. * 

Abuja, V. B..’44 Lt. Army of 

Mexico Mexico 

Albach, W. H.’37 Lt. U.S.N.R. * 

Alsaker. A. K.’38 Lt. (j.g.) U.S.N.R. * 

Allen, J. R.’42 * U.S.N.R. * 

Allen, P. H., Jr.’42 -Ensign U.S.N.R. * * 

Allingham, R, E.’44 Ensign U.S.N.R. * 

Allyne, A. B.’26 Major U.S.A. Maryland 

Altmaier, R. D.’42 Ensign U.S.N.R. Washington, D.C. 

Anderson, I). W.’32 I.t. Cm dr. U.S.N.R. New York, N. A. 

Anderson, Keith.’40 Pvt. U.S.A. Overseas 

Anderson, M. M.’31 * U.S.N.R. Ne\ada 

Anderson, R. E..’42 Lt. U.S.N.R. Anacostia, D.C. 

Andrews, R. A...’42 * U.S.A. * 

Antonenko, B. P.’39 * U.S.A. Chanute Field, ill. 

Arnold, D. R.—’43 I.t. (j.g.) U.S.N.R. Mare Island, 

Calif. 

Arnold, Id. A.’39 Lt. U.S.N.R. Massachusetts 


Information lacking;. 


carried over to times of peace. Integrated operation 
which has proved so advantageous under government 
supervision during wartime should he continued volun¬ 
tarily. 

Plans are being made for extensive new developments 
of hydroelectric power. There are ardent advocates of 
immense government-operated power pools and equally 
ardent advocates of so-called private operation of power 
systems. Each plan has its advantages and disadvantages. 
The rivalry between these two schools of thought tests 
the mettle of the best men in the power business and 
tends to correct abuses on both sides of the fence. En¬ 
gineering principles are universal. Engineers are con¬ 
fronted by the same problem, regardless of the political 
and social ideas of governing bodies, and engineers, 
regardless of their affiliations, can work together and get 
results, as has been so fully demonstrated during this 
war when national emergency has breached the political 
harriers between so-called public and private enterprise. 

Iut egration of power systems is essential to a broad 
conservation program, and the successful cooperation 
effective under stress of war should be continued in times 
of peace, to the end that the community shall he provided 
with an adequate and reliable power supply at the lowest 
possible cost, and with the least possible draft on the 
irreplaceable national resources of the country. 


In Service 


Name Class Rank Service Location 

Arnold, J. K.’41 Capt. U.S.A. Hawaii 

Arnold, M. W.’37 Capt. U.S.A. Washington, D.C. 

Ashley, C. L.’26 Lt. U.S.N.R. * 

Atchison, E. M.’44 * U.S.N.R. * 

Atherton, T. L.’25 Capt. U.S.M.C. Overseas 

Atkins, E. R., Jr.’43 Lt. ( j.g.) U.S.N.R. Overseas 

Atkinson, T. G..’42 Lt. (j.g.) U.S.N.R. Overseas 

Axtmari, Grice.’41 Ensign U.S.N.R. Washington, D.C. 

Bacon, J. W., Jr.’43 Lt. U.S.A. * 

Bair, W. P.’44 Ensign U.S.N.R. * 

Baird, R. C.’42 Major U.S.A. * 

Baker. J. R.’38 Ensign U.S.N.R. * 

Ballard, W. 0. B.’44 * U.S.N.R. * 

Banta, A. P.’28 Major U.S.A. Overseas 

Barfield, H. P..44 Lt. U.S.A. * 

Barnes, I). P.’30 Lt. Col. L.S.A. Overseas 

Barnes, F. A.’44 Ensign U.S.N.R. New York 

Barnes, 0. H._...’26 * U.S.A. Overseas 

Baronowski, J. J_’44 Lt. Cradr. U.S.N. * 

Bartlett, E. R., Jr.’42 Lt. tj.g.) U.S.N.R. * 

Bashor, R. H..’43 Lt. ( j.g.) U.S.N.R. Overseas 

Baskin, A. C.’37 Lt. U.S.N. * 

Bassett, J. V...’41 U.S.A. * 

Bassler, E. W.’44 Ensign U.S.N.R. * 

Bauer, F. K.—’42 Cpl. U.S.A, * 

Baxter. A. N.’45 * U.S.N.R. * 

Beakley, W. M.’35 Lt. U.S.N. * 

Beanfield. B. F.’39 Lt. U.S.N.R. Philadelphia, Pa. 

Beardsley, G. F..’39 * U.S.N. New York 

Beauchamp, E. E.’44 Ensign U.S.N.R. * 

Beckstead, M. W'.’43 Ensign U.S.N.R. * 

Beek, B. B...’44 Ensign U.S.N.R. * 

Beers, K. H.’42 Ensign U.S.N.R. Overseas 

Behrens, F. A., Jr.’44 Ensign U.S.N.R. Overseas 

Bell, A. E...’42 • U.S.N.R. * 

Bell, W. E.’44 * U.S.N.R. * 

Benjamin, D. G...’44 Ensign U.S.N.R. * 

Benson, G. L., Jr.’44 * U.S.N.R. * 

Belzer, T. R.’37 Lt. Col. U.S.M.C. 0\ ■erseas 

Benioff, Ben .’22 Lt. Col. U.S.A. Salt Late City, 

Utah 

Bennett, G. G.’44 Ensign U.S.N.R. * 

Bennett, R. L.’44 Ensign U.S.N.R. Washington, D.C. 

Benton, Robert.’43 S 1/c U.S.N.R. California 

Berbower, R. F...’45 * U.S.N.R. * 

Bergh, P. S.’42 * U.S.N.R. * 

Bergren, W. R.’32 Capt. U.S.A. Overseas 

Berry, F. A,, Jr.’37 Lt. U.S.N. * 
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Name Class Rank Service Location 

Berry, W. L...’29 Lt. Col. U.S.A. New York 

Best, Chas. W.’36 * U.S.A. Utah 

Bewley, J. W.’43 Ensign Ll.S.N.R. Florida 

Biddison, C. M.’40 Ensign U.S.N.R. Florida 

Biglow, J. 0.’40 Lt. U.S.N.R. Overseas 

Bilicke, A. C.’27 Lt. Col. U.S.A. Overseas 

Billman, G. W.’41 Lt. (j.g.) U.S.N.R. Overseas 

Biot, Maurice A..’32 Lt. U.S.N.R. Washington 

Blayney, J. A-’43 Lt. U.S.A. Grand Island, 

Nebr. 

Blue, J. II.’37 Major U.S.M.C. New York 

Bogert, R. C.’44 Capt. U.S.A. Ohio 

Bolen, T. M.’37 Lt. U.S.A. * 

Bolster, C. M.’36 Cmdr. U.S.N. Washington, D.C. 

Bond, W. H.’44 * U.S.N.R. * 

Bonell, J. A.—738 Lt. U.S.A. * 

Booth, F. 0., Jr.’44 Ensign U.S.N.R. * 

Boothe, R. H-’36 Lt. U.S.N.R. Overseas 

Borden, J. R.744 2nd Lt. U.S.A. * 

Bower, M. M.’27 Major U.S.A. Washington, D.C. 

Bowler, Gordon E.’32 Lt. U.S.N. * 

Boyd, Janies .’27 Colonel U.S.A. * 

Bracken, G. R.’43 * U.S.N.R. * 

Bradburn, J. R.’32 Major U.S.A. New York 

Brice, R. 1- ’37 Major U.S.A. Overseas 

Bridgland, E. P-743 Fit. Lt. R.C.A.F. Canada 

Broadwell, J. E. ’44 * U.S.A. * 

Brodie, R. P.._.’44 * U.S.N.R. Rhode Island 

Brose, F. M.’40 2nd Lt. U.S.A. Douglas, Ariz. 

Browder, E. M., Jr.’37 Major U.S.A. Canal Zone 

Brown, E. I. _’43 * U.S.A. * 

Brown, I. W.’40 Lt. U.S.N.R. Overseas 

Brown, G. H., Jr.’43 * U.S.N.R. * 

Brown, K. G., Jr.744 * U.S.N.R. * 

Brown, Sheldon W.’42 Cmdr. U.S.N. Bethesda, Md. 

Brown, Wayne TI.’43 Lt. (j.g.) U.S.N.R. * 

Brown, W. A..’41 * U.S.A. * 

Browne, J. J..„„.’39 Lt. (j.g.) U.S.N.R. * 

Bruce, S. C.’41 * U.S.A. Randolph Field, 

T* cxus 

Brunner, M. C...’25 Colonel U.S.A. Fort Belvoir, Va. 



N 

California 


Name Class 

Rank 

Service 

Location 

Brydorf, Robert . 

744 

Ensign 

U.S.N.R. 

Los Angeles, 

Calif. 

Buchanan, J. W. 

743 

2nd Lt. 

U.S.A. 

South Carolina 

Buchanan, R. A. 

744 

Ensign 

U.S.N.R. 

X 

Budney, Geo. S. 

745 

* 

U.S.N.R. 

X 

Buetall, T. I). 

743 

S 1/c 

U.S.N.R. 

Treasure Island, 
Calif. 

Buller, J. S. 

744 

* 

U.S.N.R. 

X 

Bungay, R. H. 

730 

Major 

U.S.A. 

X 

Bunker, E. R., Jr. 

743 

❖ 

U.S.A. 

X 

Burch, J. E. 

744 

Ensign 

U.S.N.R. 

X 

Burke, M. F. 

728 

Lt. 

U.S.A. 

Washington 

Burke, W. G. 

744 

Ensign 

U.S.N.R. 

X 

Burleigh, R. .. 

740 

* 

U.S.N.R. 

X 

Bussard, W. A. 

744 

Ensign 

U.S.N.R. 

Florida 

Cabral, H. J_ 

744 

Ensign 

U.S.N.R. 

Florida 

Caldwell, N. H—. 

741 

* 

U.S.A. 

X 

Callaway, W. F. 

742 

Lt. 

U.S.N.R. 

Overseas 

Campbell, D. C_ 

741 

Lt. 

U.S.N.R. Washington, D.C. 

Campbell, R. S_ 

737 

Lt. 

U.S.N.R. Overseas 

Capra, Frank R. 

718 

Lt. Col. 

U.S.A. 

X 

Carberry, D. E.. 

730 

Lt. Cmdr. 

U.S.N.R. 

San Francisco, 
Calif. 

Carlmark, C. W. 

741 

* 

U.S.A. 

X 

Carlton, Jos. 

739 

Lt. 

U.S.A. 

Texas 

Carr, E. A,.... 

742 

Lt. 

U.S.N.R. 

Massachusetts 

Carstarphen, C. F. 

739 

Lt. 

U.S.N.R. 

Overseas 

Carter, C. L. 

743 

Lt. 

U.S.A. 


Carter, T. A., Jr._ 

744 

X 

U.S.N.R. 

X 

Casserly, F. G„.. 

741 

Capt. 

U.S.M.C. 

South Carolina 

Chadwick, J. II., Jr.... 

744 

* 

U.S.N.R. 

❖ 

Chambers, L. S.. 

744 

Cmdr. 

U.S.N. 

Alabama 

(Jiang, Howard. 

744 

PFC 

U.S.A. 

Minnesota 

Chastain, J. A.. 

742 

Lt. (j.g.) 

U.S.N.R. 

Mare Island, 

Calif. 

Chilberg, G. L. 

728 

Lt. 

U.S.A. 

New Jersey 

Christianson, W. L.._. 

743 

X 

U.S.N.R. 

X 

Clapp, G. W.-. 

726 

Lt. (j.g.) 

U.S.N.R. Corpus Christ!, 
Texas 

Clark, Robert J.. 

742 

* 

U.S.N.R. 

X 

Clendenen, F. B. 

744 

❖ 

U.S.N.R. 

Rhode Island 

Clingan, F. M.. 

742 

Lt. 

U.S.N.R. 

Overseas 

Coates, L. D. 

739 

Lt. 

U.S.N.R. 

X 

Cobb, C. L... 

.741 

S 1/c 

U.S.N.R. 

X 

Coda, L. R. 

744 

* 

U.S.N.R. 

Texas 

Cogen, W. M. 

731 

Capt. 

U.S.A. 

Overseas 

Cohn, G. L. 

742 

Lt. 

U.S.A. 

Overseas 

Codings, W. T. 

744 

Ensign 

U.S.N.R. 

Rhode Island 

Combs, T. C. 

727 

Colonel 

U.S.A. 

Overseas 

Cooley, R. A. 

742 

Lt. Cmdr. 

U.S.N.R. 

Pasadena, Calif. 

Copeland, G. B.. 

744 

Ensign 

U.S.N.R. 

X 

Cowden, W. 1. 

744 

Ensign 

U.S.N.R. 

X 

Craig, Carroll. 

734 

Lt. 

U.S.N.R. 

Arlington, Va. 

Craig, P. II.. 

733 

Lt. 

U.S.N.R. 

Overseas 

Crawford, E. G.— 

733 

Lt. Cmdr. 

U.S.N.R. 

X 

Crcal, Albert. 

736 

Lt. Col. 

U.S.A. 

Arlington, Va. 

Creveling, Robert. 

.727 

Capt. 

U.S.A. 

Dayton Field, 
Ohio 

Cummings, C. I... 

744 

2nd Lt. 

U.S.A. 

Cambridge, Mass. 

Daams, Gerit. 

740 

Capt. 

U.S.A. 

Pasadena, Calif. 

Dali, G. R. 

742 

Lt. 

U.S.A. 

Overseas 

Dameson, L. G. 

744 

❖ 

U.S.N.R. 

X 

Dana, I. R„ Jr.. 

744 

Ensign 

U.S.N.R. 

Rhode Island 

Dane, P. H. 

734 

Lt. Col. 

U.S.A. 

Dayton Field, 

Ohio 

Darling, M. D. 

727 

Major 

U.S.A. 

Texas 

Davis, J. S. 

745 


U.S.N.R. 

* 

Davis, Stewart. 

742 

:J: 

U.S.N.R. 

Maryland 

Davis, W. R__ 

744 

X 

U.S.N.R. 

* 

Dazey, M. H. 

.743 

Lt. (j.g.) 

U.S.N.R. 

Overseas 

Debevoise, J. M. 

.744 

Lt. 

U.S.A. 

X 

DeCamp, L. S.. 

730 

Lt. Cmdr. 

U.S.N.R. 

X 

DeRemer, K. R._. 

.744 

Ensign 

U.S.N.R. 

Boston, Mass. 

Desmond, J. M.. 

.734 

Lt. 

U.S.A. 

Fort Monroe, Va. 

Dessel, F. W.. Jr. 

.740 

Lt. (j.g.) 

U.S.N.R. 

Overseas 

Dethlefsen, D. G. 

.744 

Midshp. 

U.S.N.R. 

New York 

Detmers, Fred . 

.733 

2nd Lt. 

U.S.A. 

* 

DeVoe, J. J__ 

.722 

Major 

U.S.A. 

Fort Monmouth, 
N.J. 

Dewdney, 14. S. 

.743 

X 

Canadian 

Army 

Dickev, W. L. 

.731 

Lt. Cmdr. 

U.S.N. 

San Francisco, 
Calif. 

Dilworth, J. A. 

.741 

❖ 

U.S.A. 

* 

Dixon, B. A., Jr_ 

.738 

Ensign 

U.S.N.R. Washington, D.C. 

Dixon, H. H. 

.744 

Fit. Officer 

R.C.A.F. 

Canada 

Dobbins, W. E. 

741 

Capt. 

U.S.A. 

Overseas 
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Name Class 

Rank 

Service Location 

Dodge, W. O., Jr . 

.’44 

2nd Lt. 

U.S.A, Fort Monmouth, 
N.J. 

Doll, R. E . 

..’44 

Lt. Cmdr. 

U.S.N.R. * 

Donsback, W. R .. 

..’44 


U.S.N.R. * 

Doolittle, R. G. 

.’40 

Lt. 

U.S.N.R. Anacostia, D.G. 

Douglas, Perry . 

..’29 

Lt. 

U.S.N.R. * 

Drake, J. A. 

.’42 

2nd i.t. 

U.S.A. McCook-, Nehr. 

DuF.resne, A. F...... 

.’38 


U.S.A. Overseas 

Dunbar, O. C. 

.’35 

Major 

li.S.A. Overseas 

Dunn, Allen W. 

.’29 

Lt. Col. 

U.S.A. Overseas 

Dunn, S. A. 

..’43 

* 

U.S.N.R. * 

Durfee, P. T . 

.’28 

Lt. Col. 

U.S.A. Alaska 

Durrenberger, R. W.. 

.’41 

* 

U.S.A. * 

Duval, Richard H. 

.’28 

Lt. 

U.S.N.R. * 

Earl, J. B., II. 

.’44 


U.S.N.R. * 

Easley, S, J.. 

.’41 

* 

U.S.A. Sacramento, Calif. 

Edehnan, L. B . 

..’43 

Ensign 

U.S.N.R. Annapolis,Md. 

Edwards, G. L . 

.’41 

Lt. (j.g.) 

U.S.N.R. Overseas 

Edwards, .). S. 

..’37 

2nd Lt. 

U.S.M.C. (Juantico, Va. 

Edwards, M. W. 

.’26 

Lt. 

U.S.A. * 

Elliott, T. D. 

..’42 

Lt. (j.g.) 

U.S.N.R. Overseas 

Ellis, A. T. 

..’43 


U.S.A. * 

Ellison. W. J., Jr. 

..’37 

Lt. Col. 

U.S.A. Overseas 

Elmer, D. A. 

..’43 

Lt. (j.g.) 

U.S.N.R, Mare Island, 

Calif. 

Ellsworth, R. E. 

..’41 

Major 

U.S.A. * 

Ely, F. B.. 

..’44 

Lt. 

U.S.N.R. * 

Ely, R. L. 

...’44 

Lt. 

U.S.A. Wright Field, 

Ohio 

Engelder, A. E. 

..’35 

Capt. 

U.S.A. California 

Engelder, P. O.. 

..’39 

Major 

U.S.M.C. Overseas 

Estrada, N. S. 

..’44 

Lt. (j.g.) 

U.S.N.R. * 

Eusey, M. V., Jr. 

..’41 

Lt. < j.g.) 

U.S.N.R. Overseas 

Evans, B. G. 

..’23 

Capt. 

U.S.M.C. Florida 

Evans, Thos. 

..’30 

Lt. Col. 

U.S.A. Washington, D.C. 

Everett, W. S. 

..’34 

Lt. 

U.S.N.R. San Francisco, 
Calif. 

Fenzi, W. E. 

..’37 

Ensign 

U.S.N.R. Rhode Island 

Field, A. J. 

..’44 

* 

U.S.N.R. * 

Fischer, C. F. 

..’40 

Lt. Cmdr. 

U.S.N.R. Maryland 

Fisher, E. K. 

..’44 

Ensign 

U.S.N.R. Massachusetts 

Flavell, E. W. 

..’43 

2nd Lt. 

U.S.A. Florida 

Fleck, F. A. 

..’42 

2nd Lt. 

U.S.A. Long Beach, 

Calif. 

FJeisher. E. P. 

’43 

* 

U.S.N.R. * 

Fleming, M. K., Jr... 

’36 

Lt. 

U.S.N.R. Washington, D.C. 

Fleming, R. E. 

’40 

* 

U.S.A. * 

Ford, M. E„ Jr. 

’44 

Midshp. 

U.S.N.R. New York 

Forward, R. B. 

’38 

Lt. Cmdr. 

U.S.N.R. Washington, D.C. 

Foster, G. P . 

’40 

Capt. 

U.S.M.C. Overseas 

Frampton, W. R. 

’39 


U.S.N.R. San Diego, Calif. 

Francis, R. M. 

’44 

Lt. 

U.S.N.R. * 

Frank-Jones, Glyn. 

’41 

Lt. 

U.S.N.R. Vancouver, B. 

Franklin, E. S. 

’33 

Lt. 

U.S.N.R. Pasadena, Calif. 

Franzini, J. B. 

’42 

Ensign 

U.S.N.R. Overseas 

Freeman. J. R., Jr. 

’44 

* 

U.S.N.R. * 

Fuller, W. P., Jr. 

’42 

* 

U.S.N.R. San Diego, Calif. 

Fulton, R. F.. 

’39 

Lt. 

U.S.A. Colorado 

Fnrer, A. B. 

’44 

Lt. Cmdr. 

U.S.N. Philadelphia, Pa. 

Gal breath. A. M. 

’44 

Ensign 

U.S.N.R. * 

Oaleski, R. B. 

’41 

* 

U.S.N.R. * 

Gaily, S. K. 

’41 

Lt. ( j.g.) 

U.S.N.R. * 

Gardner, A. H... 

’43 

Ensign 

* 

U.S.N.R. * 

Gardner, J. H. 

’44 

U.S.N.R. * 

Garland, J. J., Jr. 

’44 

Ensign 

U.S.N.R. Norfolk,Va. 

Gamer. H. K . 

’43 

* 

U.S.N.R. * 

Gazin, C. L. 

’27 

Major 

U.S.A. * 

Geitz, Robert. 

’41 

Lt. (j.g.) 

U.S.N.R. Overseas 

Centner, W. F.. 

’40 

Lt. 

U.S.N.R. * 

George, J. W. 

’37 

Sgt. 

U.S.A. Colorado 

Gerfen. W. H._. 

’36 

Ensign 

U.S.N.R. Overseas 

Geselbraoht, W. G. 

’38 

Capt. 

U.S.A. Missouri 

Giacomazzi, W. F. 

’43 

Lt. 

U.S.A. California 

Gibbons, R. M... 

’42 

Lt. Cmdr. 

U.S.N. Rhode Island 

Gillette, Warren .. 

’42 

Lt. (j.g.) 

U.S.N.R. Overseas 

Gillings, J. W. 

’41 

Lt. 

U.S.A. * 

Gilman, Richard. 

’44 

2nd Lt. 

U.S.M.C. * 

Given, F. I.... 

’42 

* 

U.S.A. * 

GJassco, R. B. 

’40 

Ensign 

U.S.N.R. San Diego, Calif; 

Goldsmith, E. A... 

’44 

Ensign 

U.S.N.R. Overseas 

Graff, D. B. 

’32 

Lt. 

U.S.A. * 

Graham, H, K.... 

’43 

2nd I.t. 

U.S.A. Texas 

Gramatky, F. G,.. 

’28 

Major 

U.S.A. New Guinea 

Graner, J. B . 

’43 

Ensign 

U.S.N.R. * 

Grasso, C. H..„ . 

’44 

2nd I.t. 

U.S.A. * 

Crank D. P. 

’37 

Capt. 

U.S.A. Maryland 

Gray, J. B. 

’44 

Lt. 

U.S.N.R. * 


Name Class Rank Service Location 

Green, W. M.’39 Capt. U.S.A. Wright Field, 

Ohio 

Greenhalgh, F, M.’41 Lt. (j.g.) U.S.N.R, * 

Greenwood, D. T.’44 * U.S.N.R. * 

Griffin, R. H.„.’31 * U.S.A. Minnesota 

Griffith, G. I)..’43 I.t. ( j.g.) U.S.N.R. Texas 

Griffiths, J. R.’39 * [j.S.N.R. * 

Grimes, W. B.’29 Lt. Col, U.S.A. Overseas 

Grimm, Lewis._.’44 Ensign IJ.S.N.R. * 

Grote, A. O..’43 * U.S.N.R. Treasure Island, 

Calif, 

Gruen, Harold .’43 * U.S.A. * 

Guillou, A. V.’40 Lt. Col. U.S.A. Overseas 

Gulick, H. E.’34 Lt. U.S.A. * 

Gulley, Wm. F.’45 * U.S.N.R. * 

Hacker, W. IX, Jr.’33 Capt. U.S.A. New "York 

Hahs, M. L...’44 2nd Li. U.S.A. * 

Hale. F. S. '21 Capt. U.S.A. Overseas 

Hall, A. S.’44 Ensign U.S.N.R. * 

Hall, E. A.’41 * U.S.A. * 

Hall, E. E.’43 2nd Lt. U.S.M.C. Virginia 

Hall, E. S.’44 * U.S.N.R. Washington, D.C. 

Hall, Robert F.’42 Ensign U.S.N.R. South Carolina 

Hall, W. A.’42 Lt. (j.g.) U.S.N.R. Mare Island, 

Calif. 

Hall, W. I.’44 * U.S.N.R. * 

Hallwachs, R. G..’44 Ensign U.S.N.R. * 

Halpenny, W. H.’43 Lt. (j.g.) U.S.N.R. Annapolis,Md. 

Hamilton, W. R.’44 * U.S.N.R. * 

Hanehett, H. K..’43 * U.S.A. * 

Hanger, W. M.’43 * U.S.N. California 

Hanson, L. A.’42 Lt. (j.g.) U.S.N.R. * 

Hardin. P. V.’43 * U.S.A. * 

Harney, P. J.’35 T/S U.S.A. • 

Harper, T. S.’37 Lt. U.S.N.R. * 

Harrell, DeWitt.’44 Lt. Cm dr. U.S.N. * 

Harris, H. R.’22 Colonel U.S.A. Washington, D.C. 

Harrison, Chas. P.’44 Ensign U.S.N.R. * 

Harrison, K. J.’18 Lt. Col. U.S. A. Phoenix, Ariz. 

Harshberger, J. D.’34 Lt. U.S.M.C. * 

Harvey, D. L.’41 Major U.S.A. Illinois 

Hasert, C. N.’44 Lt. U.S.A. * 

Haymond, C. D.’43 * U.S.A. * 

Hayward, R. E.’38 * U.S.A. * 

Head, R. M.’42 Ensign U.S.N.R. Washington, D.C. 

Heinz, J. A.’45 * U.S.N.R. * 

Hendrickson, W. J.’42 * U.S.A. * 

Hiatt, J. B.’41 Lt. (j.g.) U.S.N.R. Bremerton,Wash. 

Hicks, W. B.’42 * U.S.A. * 

Higgins, H. M.’44 * U.S.N.R. * 

Hight, C. T.’41 Capt. U.S.A. Overseas 

Hill. R. R., Jr.’44 Ensign U.S.N.R. * 

Hills. J. D. T.’39 Lt. U.S.A. * 

Hines, M. E.’40 * U.S.A. * 

Hinton, W. D.’44 * U.S.N.R. * 

Hite, J. E„ Jr.’40 Lt. U.S.N.R. Overseas 

Hoagland, J. C..’42 * U.S.N.R. Annapolis, Md. 

Hoeh, W. C.’31 Lt. U.S.N.R. Washington, D.C. 

Hoff, F. G.’39 Lt. (j.g.) U.S.N.R. Hastings, Nehr. 

Holser, W, T.’42 Lt. U.S.N.R. Washington, D.C. 

Holzman, Beni.—.’31 Lt. Col. U.S.A, Washington, D.C. 

Honnell, P. M.’40 Lt. Col. U.S.A. West Point, NY. 

Hooper, I), L.’34 Lt. Cnidr. U.S.N.R. Overseas 

Hooper, R. H.’39 Lt. U.S.A. Overseas 

Horne, OthneiJ .’42 Lt. U.S.A. Nebraska 

Hotchkiss, T. M.’25 Lt. U.S.N.R. California 

Howell, W. J.’40 Lt. U.S.M.C. North Carolina 

Hubert, D. S., Tr_’40 Pvt. U.S.A. * 

Hudson, L. U.’44 * U.S.N.R. * 

Hudson, R. A.’44 * U.S.N.R. * 

Hudson, T. A.’44 * U.S.N.R. * 

Hudson, T. E.—.’44 * U.S.N.R. * 

Huggins, J. G.’44 * U.S.N.R. * 

Hughes, L. E., Jr.’44 Lt. (j.g.) U.S.N.R. San Francisco, 

Calif. 

Hughes. W. H.’44 Ensign U.S.N.R. Overseas 

Hunt, Carter .’42 Lt. U.S.N.R. Overseas 

Hurst, S. I).’41 * U.S.N.R. * 

Ingersoll, H. V.’26 * U.S.A. Philippine Islands 

Ingersoll. W. 1.’41 Ensign U.S.N.R. * 

Jack, S. S. *38 Capt. U.S.M.C. * 

Jackson, A. M.. Jr.’39 I.t. U.S.N. * 

Jackson, W. G., Jr.’44 Lt. Cmdr. U.S.N. * 

Jasper, R. N.’45 * U.S.N. Rhode Island 

Johns, R. R .’43 * U.S.N.R. * 

John sen, E. G...’43 Lt. U.S.A. Overseas 

Johnson, K. W..’43 Ensign U.S.N.R, * 
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Name Class 

Rank 

Service Location 

Johnson. L. B. 

..'44 

En«ign 

U.S.N.R. * 

Johnson. P. 0.. 

.*42 

Pvt. 

U.S.A. Ohio 

Johnson. R. S. 

*44 

Ensign 

U.S.N.R. :i: 

Johnson. W. S. 

.*26 

Capt. 

U.S.A. California 

Johnston. W. C. 

.’42 

Lt. 

U.S.A. Colorado 

Jones. G. A. 

.’41 

Lt. 

U.S.N.R. Overseas 

Jones. J. A. 

.’41 

Ensign 

U.S.N.R. Philadelphia. Pa. 

Jones, 0. K. 

.’41 

Lt. Col. 

U.S.A. Overseas 

Jones. P. S. 

..’36 

Ensign 

U.S.N.R. Arizona 

Jones. R. P. 

.’35 

Lt. 

U.S.N.R. Overseas 

Jones, W. B.. 

.’38 

Lt. 

U.S.N.R. Overseas 

Jones. W. L. 

.’43 

Lt. (j.g.) 

U.S.N.R. Overseas 

Jopson, R. C.. 

.’44 

Ensign 

U.S.N.R. New Jersey 

Jordon. J. T. 

.*41 

Carp. Mate U.S.N.R. Overseas 
i /r 

Jonjon-Roche. J. E.~. 

.*28 

Major 

U.S.A. North Carolina 

Judd. ft. C. 

..’44 

Ensign 

U.S.N.R. Overseas 

Kafitz, P. H. 

.*42 

Chief Spec. 

U.S.N.R. Washington, D.C. 

Kane. R. F. 

..’43 

Cm dr. 

U.S.N. Annapolis. Md. 

Karstedt, F. H. 

..’44 

* 

U.S.N.R. * 

Keating, Ft. A. 

.’44 


U.S.N.R. * 

Keech. D. W.. 

.’26 

Lt. 

U.S.A. San Diego. Calif. 

Keller. S. H.. 

..’38 

Lt. (i.a.) 

U.S.N.R. Overseas 

Kernmer, P. H. 

..’33 

Colonel 

U.S.A. Wriaht Field. 
Ohio 

Kennedy. K. K. 

..*33 

Major 

U.S.A. Overseas 

Kern. J. C.. Jr. 

..’44 

Ensign 

U.S.N.R. * 

Kerr. J. G. 

..’44 

Ensign 

U.S.N.R. Camp Endicott. 
R.L 

Kettler. J. R. 

..'44 

its 

U.S.A. Texas 

Kidd. R. E. 

..’35 

Lt. 

U.S.N.R. Washington, D.C. 

Kind. J. L. 

..’40 

Capt. 

U.S.N. Pasadena. Calif. 

Kingsbury. W. S., Jr. 

..*26 

Ma jor 

U.S.A. Overseas 

Kinsler, L. E. 

..’31 

Lt. Cmdr. 

U.S.N. Annapolis. Md. 

Klein. D. J... 

..’43 

Ensign 

U.S.N.R. Massachusetts 

Knevmever. F. ti.... 

..’44 

Ensign 

U.S.N.R. Florida 

Knudsen. R. A. B. 

..’44 

'• S 

U.S.N.R. * 

Knudson. A. G., Jr... 

..’44 

❖ 

U.S.N.R. * 

Kolh. 1.. L. 

..’39 

Major 

U.S.A. Minnesota 

Kott, W. E. 

..’44 

Ensign 

U.S.N.R. Washington. D.C. 

Krick. I. P. 

..’33 

Lt. Col. 

U.S.A. Washington. D.C, 

Kruse. F. W. 

..’44 


U.S.N.R. * 

Kuhns, R. E. 

..’44 

Ensign 

U.S.N.R. Overseas 

Laahs. R. F. 

..’44 

it-r 

U.S.N.R. * 

Laborv. R. F. 

..’31 

Lt. 

U.S.N.R. Virginia 

La Forge, G. R. 

..’43 

S 1/c 

U.S.N.R. California 

Lakes. E. A. 

..’41. 

Lt. 

U.S.N.R. Virginia 

Landau. Alfred . 

..’42 

2nd Lt. 

U.S.A. Overseas 

La ra bee. 0. S..—. 

..’25 

Lt. Col. 

U.S. A. Washington. D.C 

Larson. E. R. 

..’42 

Lt. ( j.g.I 

U.S.N.R. Overseas 

Larson. L. C. 

..’22 

Capt. 

U.S.A. T^os Anaeles. 
Calif. 

l.arson. W. K. 

..’40 

Capt. 

U.S.A. Tennessee 

Lassen. H. A.. 

..’43 

Ensign 

U.S.N.R. Overseas 

Latter. Richard .. 

..’42 

Lt. 

U.S.N.R. * 

Lane. E. G . 

I.auterback, R. E . 

..’40 

Ensign 

U.S.N.R. * 

...’44 

Midshp. 

U.S.N.R. New York 

Lawrence. B. E . 

..’41 

Lt. f j.g.4 

U.S.N.R. * 

Lawrence, Then. . 

..’43 

Ensign 

U.S.N.R. * 

Lawson. W. G . 

..’39 

Lt. Ci.g.) 

U.S.N.R. Mare Island. 
Calif. 

Leenerts, L. 0 . 

..‘44 

Ensign 

U.S.N.R. * 

Leeper, I,. D . 

...’31 

Lt. 

U.S.A. Overseas 

Leggett. J. R . 

..’37 

Lt. ( i.g.) 

U.S.N.R. Overseas 

Lester. R. W . . 

..’44 

Ensign 

U.S.N.R. New Jersey 

Levet. Melvin . 

..’39 

Capt. 

U.S.A. Overseas 

Levin. G. B .. 

..’40 

* 

U.S.A. * 

Levenson, B. D .. 

..’41 

Lt. 

U.S.A. Overseas 

Lew, H. W. 

..."31 

* 

U.S.A. Florida 

Lewis. Chas. F . 

...’28 

Capt. 

U.S.A. Overseas 

Lewis. E. B . . 

...’42 

* 

U.S.A. * 

Liddicoat, R. L . 

...’44 

Ensign 

U.S.N.R. * 

Lind, C. F . 

...’32 

Et. 

U.S.N.R. * 

Lind. G. W.. Jr . 

...’42 

Ensisrn 

U.S.N. Tucson. Ariz. 

Lester. R. W. . 

...’44 

i: 

U.S.N.R. New Jersey 

Lingle. FT. C. . 

...’43 

Lt. 

U.S.A. Texas 

Llewellyn, F. E . 

...’38 

Lt. 

U.S.N.R. Massachusetts 

Loeffler. D. F . 

...’40 

Lt. 

U.S.A. California 

Lochhead, R. R . 

...’44 


U.S.N.R. * 

Lockwood. W. E.. Ji 

’44 

* 

U.S.N.R. * 

Long. E. L . 

...’43 

Ensign 

U.S.N.R. Overseas 

Long. N. S . 

...’44 

Ensign 

U.S.N.R. Overseas 

Lovett, B. B. C . 

...’36 

* 

U.S.N.R. * 

Low, P. F. . 

...’44 

2nd Lt. 

U.S.A. * 

Lowe. E. K .. 

...’45 

* 

U.S.N.R. * 

Lowries, E. D. 

...’24 

Lt. Col. 

U.S.A. Canada 

Lynn. L. E. 

...’29 

Lt. Col. 

U.S.A. * 


Name Cl 

ass 

Rank 

Service 

Location 

Macartney. E. J.. 

*43 

Ensign 

U.S.N.R. 

Connecticut 

MacDonald. F. E.. Jr. 

‘44 

* 

U.S.N.R. 


MacDonald. J. H. 

‘30 

Lt. 

U.S.N.R. 

Washington. D.C. 

MacDonald. Robert... 

‘33 

Major 

U.S.A, 

Overseas 

MacKenzie. D. C. 

’22 

Lt. Col. 

U.S.A. 

Georgia 

Mat-Knight, R. H . 

’39 


U.S.M.C, 


MacRostle, Wayne. 

’42 

Lt. (i.g.) 

U.S.N.R. 

Overseas 

Madlev, H. H. 

‘42 

Lt. (j.g.) 

U.S.N.R. 

Utah 

Maginnis, Jack. 

*37 


U.S.N. 


Maier. M. P. 

*44 

Lt. 

U.S.A. 


Maier. O. G. 

’36 

Col. 

U.S.A. 

New Jersev 

Main. J. H. 

‘41 


U.S.N.R. 

Pennsylvania 

Maloney, F. V. 

*36 

Lt, ( i.g.) 

U.S.N.R. 

Overseas 

Mapel. R. W.. 

.*44 

* 

U.S.N.R. 


Marsh. R. E..„. 

.'43 

* 

U.S.N.R. 


Marshall. ,T. W. 

.*44 

Ensign 

U.S.N.R. 


Marshall. R. W.. Jr.. 

.’44 

Ensign 

U.S.N.R. 


Martin. J. S. 

.’44 


U.S.N.R. 


Martinez. Victor. 

.’42 

Lt. 

Argentine 




Nav. Coit 

. Washington. D,(. 

Mason. D. M.. Jr. 

.’43 

Ensign 

U.S.N.R. 

New York 

ATason. H. S . 

.‘32 

Lt. 

U.S.A. 

California 

Mathews. T. E.. Jr.... 

.’32 

Lt. 

U.S.A. 

(California 

Mathewsnn. A.. Jr.... 

.'33 

Lt. 

U.S.N.R. 

Overseas 

Matson, Joseph. Jr.... 

.’26 

Lt. Col. 

U.S.A. 

Overseas 

Matthew, T. R. 

.’39 

Lt. 

U.S.N.R. 

Pasco. Wash. 

Mattson, D. F. 

.’43 

* 

U.S.N.R. 

Texas 

Mauzv. H. K. 

.’30 

Lt. Cmdr. 

U.S.N.R. 

Florida 

Maxson. J. H. 

.’27 

Major 

U.S.A. 

Washington, lJ.( 

Maver. Adrian . 

.'42 

£ 

U.S.A. 

Illinois 


Due to lack of space it is impossible to complete the list of 
Men in Service in the June issue. Names beginning with the letters 
"Me" to "Z" will be published in the July issue. 


ATHLETICS 

By H. Z. MUSSELMAN, 

Director of Physical Education 

T HE month of May. 1945. will bear a prominent place 
in the athletic history of California Institute of Tech¬ 
nology. for it was this month that three sports—base¬ 
ball. track and swimming brought league championships 
to the Institute. This together with the tennis tourna¬ 
ment victories and the undefeated, untied and unscored- 
on record of the football team last Fall, makes the 1944- 
1945 sport season the most outstanding ever recorded at 
Caltech. 

The baseball team won seven out of eight league 
games, winning two games from each. U.C.L.A., Pepper- 
dine and Occidental, and split the series with U.S.C. The 
Beavers clinched the title two weeks before the season 
closed, when an 8-0 victory over U.C.L.A. put the Bruins 
out of the running. The only defeat registered by the 
Engineers was at the hands of U.S.C. when the Trojans 
grabbed a 11-9 mid-season free-hitting affair. Featuring 
the season were the two victories over U.C.L.A. at the 
time when the Bruins were fighting it out with Tech for 
the top spot. In the first engagement. Jack Anderson, 
starting his first game of the season, pitched and batted 
his team to a 3-1 victory, while holding his opponents 
to six hits and striking out nine men. In the return en¬ 
counter. Anderson again was in fine form, limiting 
U.C.L.A. to four hits while his team mates pounded out 
an 8-0 victory. Incidentally, only one other shutout game 
was recorded in the league this season. 

With Anderson and Dick Roettger. two topnotch pitch¬ 
ers. available, many midweek games were played with 
the record against Junior College and the top Service 
teams as impressive as the league record. The complete 
result for the season shows 17 victories and one tie in 
22 games played. The 1 team was strong in all depart¬ 
ments and all league ^ames were won in a convincing 
manner. Six men finished the season with a batting aver¬ 
age of over .350 in league contests. 
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ZSkzrs, dip you mztftto go ? 


If you’re like some twenty millions of your fellow Americans, you’re getting 
set to fly as soon as you can after the war. How soon will this be? Where 
will you be able to go? What about comfort? And cost? Here’s what 


an American airman who has flown all over the world can tell you: 



1 “No place worth seeing will be out of 
, reach . . . The main routes are being 
flown daily — more than 110,000 miles 
of them. Key airfields are fully developed 
— hundreds more are in the making. The 
finest flying equipment ever designed will 
be ready for use soon after the war ends. 


“The peacetime versions of the big twin- 
, engine Curtiss Commando, for instance, 
will carry 36 to 45 people with all the 
comforts of a drawing room . . . soft, 
roomy seats — plenty of space — an at¬ 
tractive powder room — complete dining 
service—they’ll be tops in luxury travel... 


3 "And as for speed . . . well, when multi- 
g engine transports can cross the country in 
six hours, you get some idea of the 
concentration of power in their Wright 
Cyclone engines — the same dependable 
engines that power the B-29 Superforts 
and the giant Martin Mars. 





“Vacations in Mexico, in Rio, on the 
Mediterranean, by air, may seem fantastic 
right now. Yet 27 airlines are already 
planning to take you to the markets and 
the playgrounds of the world at a cost 
well within your reach ...” 


CURTISS 

ygr 

WRIGHT 


aiA .airplanes • engines 

tght future for College Engineers: Write Engineering Personnel Bureau, Curtiss-Wrighe Corporation, Passaic, N. J. ] 
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The league results: 


Caltech .... 

21 

Pepperdine . 

5 

Caltech .... 

10 

U.S.C. . . . . . 

9 

Caltech .... 

13 

Occidental . 

2 

Caltech .... 

9 

U.S.C. 

11 

Caltech .... 

3 

U.C.L.A. 

1 

Caltech .... 

13 

Pepperdine . . . 

O 

o 

Caltech .... 

8 

U.C.L.A. 

0 

Caltech .... 

7 

Occidental . 

» 

o 

Dr. Floyd Hanes and his 

sensational track squad 

pro- 


cluced a season of thrills by winning the conference meet, 
accounting for victories over U.S.C., U.C.L.A. and Cali¬ 
fornia, defeating all comers at the Fresno West Coast 
Relays and finishing a close second in the Modesto 
Relays. 

Seeking further laurels. Caltech rudely startled the 
sports world by trouncing U.S.G., U.C.L.A.. and Cali¬ 
fornia to capture three dual meets in one afternoon in a 
feature meet at the Coliseum. 

Caltech . . . 70-1/3 U.S.C. . . . 60-2/3 

Caltech . . . 68-2/3 California . . 62-1/3 

Caltech . . . 83-2/3 U.C.L.A. . . 47-1/3 

Winning from three major schools in a decisive man¬ 
ner. several of the Tech spikesters turned in their best 
performance of the season. Frady was nosed out by 
Beaman of SC in the 100. but came back strong to annex 
the 220 in 21.8s. Ken Shauer cracked the Caltech 440 
record for the second time this season with a 49.4s win, 
while Neilsen topped his record with a mark of 12 ft. 6 
in. win in the pole vault. The mile relay team of Roger 
Clapp, Bill Frady. Stuart Bates and Ken Shauer won 
over California by 10 yards in 3m 22.5s. the best time 
registered on the coast this season. 

In the competition, first places were evenly divided 


between Caltech. U.S.C. and California— each school 
leading the field in five events. 

Caltech w'on its first Fresno Relays open champion¬ 
ship. annexing the title through a last minute victory in 
the mile relay. The Engineers scored 41 points. Olympic 
Club placed second with 36 points. California nosed the 
defending champions. U.S.C.. for third with 32 1 points 
to 32. U.C.L.A, Bruins registered 25. with various minor 
teams trailing. The last Tech victory at Fresno was in 
1927 when the Engineers won the Class B or College 
title. 

Winning five of their six meets over U.S.C., U.C.L.A. 
and Occidental. Coach Bud Lyndon's swimming team 
concluded the season with an easy victory over these 
rivals in the Conference meet. Tech registered 63 points. 
U.S.C. was a close second with 59 points, while U.C.L.A. 
and Occidental trailed with 26 and 12 points respec¬ 
tively, Two high scorers for the season were Rex Cherry- 
man. who set a new Caltech record of lm 50.6s in the 
150-yard back stroke and Don Lindsay, diver. Lindsay 
won his event in all meets, only to be nosed out by a few 
points by Fenton of U.C.L.A. whom he had defeated 
twice in dual meets. 

After completing a mediocre season, in which the team 
won four and lost four, the Caltech tennis team came 
back strong to sweep the championships in the Intercol¬ 
legiate Tennis Tournament. In the finals Stan Clark de¬ 
feated his teammate. Jack Cardall. after the latter had 
scored an upset over Nick Buzolich of Pepperdine. Clark 
and Cardall also won the doubles championship in de¬ 
feating the favorites. Burt and Donnell of U.S.C. 

The Institute plans to send Clark and Cardall to the 
N.C.A.A. Intercollegiate Tennis Tournament at North¬ 
western University, which starts June 25. 


VROMAN'S 

Sy: 3-1171 Ry: 1-6669 

Books & Stationery Office Equipment 

469 E. Colorado St. 1271 E. Colorado St. 


INSURANCE BROKERS 

EMETT h CHANDLER 

LOS ANGELES 

W. P. STORY BLDG. TRinity 8881 


ATKINSON 


LABORATORY 

FI 

LOS ANGELES 


CALIFORNIA 

Photographic 


Photographic 

Research 

L-LaJ 

Chemicals 

1 Ralph B. Atkinson, '30 


COLLING PUBLISHING COMPANY 
"Consulting Publishers" 
Textbooks—Brochures—Pamphlets 
124 West 4Ht Street, Los Angeles 13, Calif. 
MUtual 8051 



For (Difficult 

the S&M TOP RIDING CRANE 


Unwieldy lengths of pipe and other heavy equipment are 
handled efficiently by an oil tool manufacturer with , an 
S&M top riding crane, a partner in production to the S&M 
gantry crane. 

We have a lop riding crane for any capacity, range ami 
size where this type is required . . . designed, produced and 
installed by trained S&M materials handling engineers. 

Usually a standardized system has a variety of uses. Your 
future products may vary from present demand-, hut the top 
riding rrane and other S&M overhead and floor handling 
equipment ean he arranged to speed production and fit your 
present and coming needs. We‘11 be glad to work with you 
in solving your materials handling problem. 


SPENCER & MORRIS 

MATERIALS HANDLING SYSTEMS 


5649 Alhambra Ave., Los Angeles 
CA. 5103 Zone 32 

580 Market Street, San Francisco 
SU. 1715 Zone 4 
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Here are nine reasons why the P-51 Mustang is the most efficient, most 
deadly, most feared American fighter-plane in enemy skies: 

1. revolutionary design— laminar-flow super-speed wing. 

2. NO blind spots— full vision cockpit enclosure. 

3. ARMOR PLATE —this bullet-proof seat back protects Mustang pilots. 

4. FIGHTS EIGHT MILES UPSTAIRS—these tanks provide oxygen for pilot. 


5. two-way radio— provides close coordination during missions. 

6. self-sealing gas tanks— an important safety factor in combat. 

7. bomb load— 1000 pounds under each wing. 

8. deadly firepower— six .50 cal. machine guns, three in each wing. 

9. speed—over 425 MPH— 1520 HP supercharged engine and automatic, 

variable pitch propeller. 


ENGINEERS... 

ttuild for the Future Here 


Whether you are newly graduated or ex¬ 
perienced, North American Aviation in¬ 
vites you to join its engineering staff to 
assist in the improvement of our present 
aircraft and the designs to come. Here 
is an opportunity to grow in a sound, 


progressive company with a world-wide 
reputation for building fine aircraft. 

Your questions about this essential, 
war-vital work will be answered by men 
experienced in aviation and engineering. 

AVAILABILITY CERTIFICATE REQUIRED 


North American Aviation Sets the Pace 

PLANES THAT MAKE HEADLINES . .. the P-51 Mustang fighter ( A-36 fighter-bomber), B-25 and PBJ Mitchell bomber, 
the A T-6 and SNJ Texan combat trainer. North American Aviation, Inc. Member, Aircraft War Production Council, Inc. 
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Picking up overseas mail 
"...on the fly" 



Nothing is quite so precious to from San Francisco to Seattle, 
a fighting man as a letter from To get this unprecedented 
a loved one back home—noth- volume of mail through on time 
ing more miserable than "sweat- —loading, transporting, switch¬ 
ing out” mail call—for the letter ing, handling, and trucking 
that doesn’t come. problems were worked out well 

Picking up mail "on the fly” in advance. Many solid trains 
at small stations, as shown of mail were run across the 
here, is one way Southern Paci- country—thousands of freight 
fic and other railroads see to it cars were "drafted” for mail 
that your letters are handled service. 

quickly. Everything possible was 

Another example of fast, effi- done to assure your fighting 
cient mail service was Southern man a letter or package from 
Pacific’s handling of Christmas home on Christmas, 
mail to the men overseas. We want you to know that 

All mail to the Pacific fight- mail for fighting men comes 
ing fronts is first routed to first with us. It is never put 
Army and Fleet Post Offices in aside for other traffic. You know 
San Francisco. During the last how letters help the morale of 
Christmas season, 2,931 car- men and women at the front, 
loads of overseas mail rolled So, won’t you write more let- 
into Oakland and San Fran- ters? Whether it’s V-mail or 
cisco rail terminals! If the mail regular mail, write often. 

bags in these cars were placed _ 

end to end they would have The friendly 

formed a continuous column A Southern Pacific 


Natural Gasoline 

(Continued from Page J2J 

tion factor becomes a stripping factor 
applicable to controlling the operation iri 
which the absorber] fractions are removed 
from the rich sponge stock. By an appro¬ 
priate change in units, the equation 
becomes: 

] KV Kit M 
A L ISO D 

wherein S — stripping factor, and 

W — pounds of steam per gallon 
of oil. 

A similar approach could be made to 
the performance of a rectifier or fractionat¬ 
ing column. The section of the column 
above the feed could be considered as an 
absorber arid that below the feed as a 
stripper. Reflux in the upper section 
serves as sponge stock, and vapors from 
the reboiler serve as the stripping medium 
in the lower section. 

STATISTICS 

Table II is a summary of the average 
daily production of natural gasoline and 
refinery gasoline in California and the 
United States for the years 1911 to 1943. 
The figures for refinery gasoline include 
the natural gasoline which has been 
blended into the product. 

Production of natural gasoline in the 
United States is now slightly more than 15 
per cent of the entire output of refinery 
gasoline. In California, the ratio is almost 
the same. Prior to the present war, the 
ratio in California was appreciably higher 
than in the United States as a whole. 
However, in the concerted effort to increase 
the production of light fractions for use 
in aviation gasoline it was possible to 
expand production at a much faster rate 
elsewhere than in California. California is 
now the source of about 15 per cent of 
the total natural gasoline produced in the 
United States, but in a number of prewar 
years the percentage was about double that. 

Table Ilf represents the number of 
natural gasoline plants operated in the 
United States and in California in the 
years from 1911 to 1943. The total number 
in the United States is shown to have 
increased rapidly from 176 in 1911 to a 
peak of 1.191 in 1919. From that timp 
until 1930. with the exception of one year, 
the number stayed in excess of 1,000 but 
subsequently there has been a decline. 

The relatively static position of the num¬ 
ber of plants in the 1920’s was due to the 
fact that as fast as nerv ones were built, 
there was an elimination of small units 
which became unprofitable to operate. Also, 
with the inception of the oil absorption 
process, there were many cases where a 
single new plant of this type took the place 
of several small compression plants. The 
decline since 1930 has been in a large 
measure due to construction of jointly- 
owned plants in new fields which are co¬ 
operatively developed by the various oil 
operators. The result has been a trend 
towards a smaller number of plants with, 
laraer individual capacities. In recent years, 
approximately one-seventh of the entire 
number of plants in the United States ha® 
been operating in California. 

The above statistic® are believed to indi¬ 
cate. in turn, the importance of natural 
gasoline in relation to the entire output of 
motor and aviation gasoline and the im¬ 
portance of California in the natural gaso¬ 
line industry of the United States. 
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LDS BEARING BRONZE 


iimr 


- 




. ' j ^ 


^ Photo couriesy of 
.Equipment Engineering Co. 


From the giant continuous oven to the 
high speed bun slicing machine OLDS 
BEARING BRONZE provides trou¬ 
ble-free bearings to help keep food 
equipment in service year after year. 
The toughness of the alloy with its 
lead content provides satisfactory op¬ 
eration with reduced bearing friction 
even with little or no lubrication. 


Write for 
Bulletin 

-—describing all 
OLDS ALLOYS 
and tbSir applica¬ 
tions to food pro- 
cessingequipxnent 


•^ohJion every 30 

STR1C SWITCHER Heat< 

• Operated V Hum -,di+v, 

Vacuum • * ; n as Man- 

Pressure as w 
ually Controlled. 

Scientific Heat 
purposes. 

•^saffSS’ 

Water. Oil. <*as, 


You can get it at ANDREWS 


A ^UVrfiS' 

JiTM m 


. . . Whether Hypodermic tubing (down to 
.002) ... or Bi-metal (Thermostat metal) 
... an odd-size screw ... a delicate timing 
device ... or, any one of a hundred "hard- 
to-find" Items that could build itself into o 
"bottleneck" of supply . . . 

Andrews attention and facilities have been 
directed to supplying the odd ... the " hard - 
to-find item" . . . since 1903. 
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-★ The hard-to-End Item Is Easy to Find at ANDREWS 





1 Yes —the average oil well, drilled by 
Union Oil in California, costs $65,888. If you 
divide that expense between two men, it 
would cost them $32,944 apiece. But if you 
divide it among 31,375 people, as we do, the 
average cost to each person is only $2.10. 


2 For Union Oil Company is owned not 
by one man, or two, but by 31,375 men and 
women. In this principle of multiple owner¬ 
ship you have the secret of America’s amaz¬ 
ing ability to produce more goods (at lower 
prices) than any other nation on earth. 


v# Before the machine age, when every¬ 
thing from shoes to rifles was made by 
hand, almost any business could be financed 
and operated by one man. But with the ad¬ 
vent of mass production techniques, many 
businesses began to require more equip¬ 
ment than any one man could finance. 


5 Obviously, you can’t finance that kind 
of operation for very long unless you pool 
the money of a lot of people. Now some 
countries form these pools by government 
ownership. But in America we do it under 
legal agreements known as corporations. 
For that way we can preserve the freedom 
of the individual... 


•I In the early 1890's, for example, you 
could drill an oil well in the California fields 
for about $2,500. Today, because we go so 
much deeper and need such expensive 
equipment, it costs almost 26 times as much. 
Furthermore, the chances of getting oil in 
an exploratory well are only 1 in 12. 


O ... the efficiency of a free economy and 
that all-important human incentive— com¬ 
petition. Apparently those factors are worth 
preserving. For while our system isn’t per¬ 
fect yet, it has given us the highest stand¬ 
ard of living and the greatest capacity for 
production the human race has ever known. 
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This series, sponsored by the people of Union Oil Company, 
is dedicated to a discussion of how and why American busi¬ 
ness functions. We hope you’ll feel free to send in any sug¬ 
gestions or criticisms you have to offer. Write:ThePresident, 
Union Oil Company, Union Oil Bldg., Los A ngeles 14, Calif. 
AMERICA'S FIFTH FREEDOM IS FREE ENTERPRISE 




